publicly funded repositories, such as the WHO COVID database with rights for unrestricted research re-use and analyses in any form or by any means with acknowledgement of the original source. These permissions are granted for free by Elsevier for as long as the COVID-19 resource centre remains active. braz j infect dis 2 0 1 8;2 2(5):402-411 Pediatric intensive care unit Severe acute respiratory infection (SARI) Child a b s t r a c t Objectives: The role of viral co-detection in children with severe acute respiratory infection is not clear. We described the viral detection profile and its association with clinical characteristics in children admitted to the Pediatric Intensive Care Unit (PICU) during the 2009 influenza A(H1N1) pandemic. Method: Longitudinal observational retrospective study, with patients aged 0-18 years, admitted to 11 PICUs in Rio de Janeiro, with suspected H1N1 infection, from June to November, 2009. The results of respiratory samples which were sent to the Laboratory of Fiocruz/RJ and clinical data extracted from specific forms were analyzed.
Introduction
Respiratory infections are an important cause of morbidity and mortality throughout the world, particularly in children. [1] [2] [3] Besides the high susceptibility to viral respiratory infections, children present with a higher frequency of coinfections, especially those under five years of age. 4, 5 The influenza A (H1N1) pandemic in 2009, affected mainly children, young adults, pregnant women, and patients with chronic diseases. The overall severity of the disease was markedly increased compared to other influenza infections and there was a disproportionate increase in mortality. 4 The hospitalization rate for influenza H1N1 in children in Argentina was twice the rate for seasonal influenza in the previous year. 6 This pandemic quickly became a global health issue.
With the development of better laboratory methods for virus detection, the isolation of these agents in samples of respiratory secretions has become easier and more common than before. Studies evaluating viral codetection in children during the pandemic in Brazil and in other countries confirmed that other viruses, with similar cold weather seasonality, 7 circulated concomitantly with H1N1. 8 However, the relationship between the presence of other respiratory viruses and clinical severity in pediatric patients is still unclear. Some studies have described an association between viral coinfection with H1N1 and worse prognosis, [9] [10] [11] yet others did not show any significant difference in outcomes. 4, 6, 7, 12 Thus, the primary objective of this study was to describe the viral detection profile and clinical characteristics of children admitted to the Pediatric Intensive Care Unit (PICU) with severe acute respiratory infection (SARI) during the 2009 epidemic in Rio de Janeiro. The association of viral detection with clinical characteristics at admission and resulting outcomes was explored as secondary objectives.
Material and methods
This is a descriptive longitudinal observational study using retrospective data. A convenience sampling of patients ranging from 0 to 18 years of age, admitted to the PICU with severe acute respiratory syndrome (SARS), defined as fever, cough, and dyspnea, requiring hospitalization, during the 2009 pandemic in Rio de Janeiro, Brazil, according to the Brazilian Protocol of Clinical Management and Epidemiological Surveillance of Influenza 13 was utilized.
SARI is the term most frequently used in the literature to describe severe cases, with a slightly different definition by the World Health Organization (WHO), as "an acute respiratory illness with a history of fever or measured fever of ≥38 • C and cough, with onset within the past 10 days, requiring hospitalization". 14 In the present study, the term SARI will be used as synonymous of SARS for simplicity.
During this period, samples of respiratory secretions (nasopharyngeal swabs, nasopharyngeal aspirates or tracheal aspirates) of hospitalized patients with SARI were sent to three reference centers for influenza virus in Brazil. In the present study, we included 71 respiratory samples from patients who were admitted to the PICUs of six private hospitals and five public hospitals, from June 1 to November 30, 2009. These samples were tested for H1N1 virus in the respiratory virus laboratory of the reference center Oswaldo Cruz Foundation in Rio de Janeiro (Fiocruz/RJ), using the Real-time Polymerase Chain Reaction (RT-PCR) kit for H1N1 virus provided by the United States Centers for Disease Control and Prevention (CDC).
These samples, which had been stored at −70 • C, were retrieved for further testing. Sixty-three samples were found to be viable and were retested for the presence of other infectious agents using one of the following three techniques, depending on availability at the Fiocruz laboratory: RT-PCR for non-influenza respiratory viruses from a CDC-based kit, RespiFinder (RespiFinder 22 kit; Pathofinder B.V., The Netherlands), or the Fast-track (FTDRP 21 plus multiplex real-time RT-PCR assay; Fast-track Diagnostics Ltd, Sliema, Malta).
Seven respiratory viruses were screened by using RT-PCR for non-influenza respiratory viruses from a CDC-based kit; 17 respiratory viruses were screened by using the RespiFinder and 20 respiratory viruses and five bacteria were screened by using the Fast-track ( (Table 1 ).
Eight samples were tested only with the RT-PCR kit for H1N1 virus during the epidemic, while 63 samples (89%) were retested later at least with two methods, including the Respifinder and/or the Fast track in 61 samples (86%) ( Table 2) .
In order to evaluate the presence of H1N1, we considered a positive result from any of the four tests in the 71 samples. For the assessment of viral codetection, we considered the 63 samples which were retested by at least one of the three methods, other than the RT-PCR kit for H1N1 virus. We used the term codetection and not coinfection because it is difficult to attribute a causal relationship between the detected agents and the clinical picture of the patient. 13 Demographic and clinical data were extracted from a specific data collection form for patients admitted to the PICU with SARI during the epidemic.
Continuous variables were described as median and interquartile range and categorical variables were described as proportions. To compare H1N1-positive versus H1N1-negative groups and viral mono-dectection and codetection groups we used age-adjusted logistic regressions for categorical variables and non-parametric ANCOVA for continuous variables. In case of categories with zero occurrences, we used the Mantel-Haenszel test to adjust for age.
Results
Of the 71 samples analyzed in 2009, 27 (38%) were positive for H1N1. Of the 63 samples retested in 2015, 58 (92.1%) were positive for one or more viruses. with the following descending order of frequency: influenza H1N1 (43.1% of positive samples), retested and five (20%) showed codetection with other viruses. The H1N1 virus was present in 46.5% of the samples with a single virus (20/43) and in 33.3% of the samples with codetection (5/13) ( Table 3) .
Of the 71 originally analyzed samples, 16 had incomplete data in the corresponding case report forms (22.5%). Therefore, most of the clinical variables and outcomes were evaluated in 55 cases.
Twenty-one patients (38.2%) presented with one comorbidity, and 28 (40%) with two or more comorbidities, such as chronic encephalopathy (25.6%), bronchiolitis (25.6%), cardiopathy (16.2%), hematological disease (16.2%), asthma (13.9%), malnutrition (13.9%), cancer (13.9%), other chronic pneumopathologies (9.3%), AIDS (4.6%), and obesity (2.3%).
Chest X-rays were abnormal in 96.4% of the patients, the most common being diffuse infiltrates (52.8%) and alveolar consolidations (43.4%).
Oseltamivir was administered to 70.9% of the cases, more than 48 h after the onset of symptoms in most cases, while antibiotics were given in 85.5%, corticosteroids in 52.7%, and antifungal agents in 25.5% of the cases.
Organic dysfunction was present in 60% of the patients, and 90% of those had two or more affected systems. 
Table 5 -Outcomes of severity in children admitted to the PICU in Rio de Janeiro during the 2009 influenza A(H1N1) pandemic, according to H1N1-negative versus H1N1-positive detection and viral mono-detection versus viral co-detection in respiratory secretions.
Outcomes H1N1-negative n = 28 H1N1-positive compared to H1N1-negative patients had a higher median age (3 years vs. <1 year, p = 0.003), but not codetection group compared to mono-detection group (Figs. 1 and 2 and Table 2 ). Therefore, all subsequent analyses were adjusted for age. H1N1-positive patients presented more frequently fever (OR = 5.30, 95%CI = 1.40-19.98, p = 0.014), cough (OR = 4.04, 95%CI = 1.62-16.35, p = 0.028), tachypnea (OR = 6.26, 95%CI = 1.01-38.99, p = 0.049), and lower leukocyte count (median of 4550 vs. 12,200, p < 0.001) ( Table 4 ). There were no differences between the two groups in terms of organic dysfunction, use of mechanical ventilator and vasoactive amines, hospital and PICU length of stay, and death ( Table 5 ).
Comparing mono-detection and codetection groups, no differences in relation to variables at admission or outcomes were found (Tables 4 and 5 ).
The fatality rate was 15.5%. Of the 11 patients who died, clinical data forms were only available for nine. Seven had comorbidities, and all nine had abnormalities in chest X-rays. Eight patients were given oseltamivir, but only four within 48 h of the onset of symptoms. H1N1 virus was isolated from five of these 11 patients, in four cases as a single virus and in one case associated to RV/EV and adenovirus. In the remaining six samples, adenovirus was detected in one, RV/EV in another and no viruses in a third. (Table 6 ).
Discussion
In the present study, 38% of all samples were positive for H1N1 virus, while 92.1% were positive for some virus. Viral codetection occurred in 20% of the H1N1-positive samples and in 22.5% of all positive samples for some virus. H1N1-positive patients were older, had higher frequency of fever and cough, and lower leukometry compared to H1N1-negative patients. We found no association between viral codetection and clinical variables or outcomes.
Data on the profile and frequency of viral detection and codetection with H1N1 virus are highly variable among the studies. 4, 7, 9, 12, 15 The 2009 pandemic presented unique opportunity to study the H1N1 virus, other etiological agents implicated in SARI, and viral codetection. There are reports of positive nonspecific viral detection ranging from 60 to 90% during the 2009 pandemic. 8, 9, 12, 15 The high frequency of virus positivity observed in our study in the retested samples (92.1%) can probably be explained by the association of methods used to test most samples and the high sensitivity and specificity of the laboratory methods employed [16] [17] [18] since three or more methods were employed in 81% of the retested samples and the RespiFinder and/or Fast-track methods were used in 97% of the retested samples.
The frequency of H1N1 detection in our study (38%) was consistent with literature data of hospitalized patients during the epidemic in other cities in Brazil, which ranged from 18.2% in São Paulo (children and adults) 8 to 31.1% in Porto Alegre (only children). 10 In other countries, frequencies of H1N1 detection in hospitalized patients varied from 16.5% in Sweden (only children) 12 to 47% in the US (children and adults). 4 The frequency of viral codetection in previous reports also varies widely, but is higher in young children. In USA, two studies of hospitalized adults and children found a viral codetection rate of 7.3% 4 and 13%. 7 In hospitalized children, the frequency of coinfection was 14.6% in Sweden, 12 41% of preschool-age patients in Brazil, 9 and 61.8% in Barcelona. 15 In our study, viral codetection was more frequent in H1N1negative patients, who were younger than H1N1-positive patients. The most frequent codetection was a combination of RV-EV and RSV. Similar results were found in Barcelona, where the main codetections were RV-EV/RSV-B and RSV-A/RSV-B. 15 The high frequency of comorbidities in the population of critically ill children of our study, primarily chronic encephalopathy and a previous history of bronchiolitis, was similar to that reported in hospitalized patients in the US (73%) 19 and in children admitted to the PICU in Germany (75%), 20 where neurodevelopmental diseases were the most prevalent.
The main symptoms found in our study group were tachypnea, followed by fever and cough. The H1N1-positive subgroup presented a higher frequency of fever, cough and tachypnea and lower leukocyte count when compared to the H1N1-negative subgroup. Cough is a characteristic of H1N1 infection, [21] [22] [23] as well as leukopenia. 9 In Taiwan, leukopenia was found in 64.2% of cases and was more frequent in H1N1positive. 22 During the 2009 pandemic, H1N1 was more frequent in young adults and in children younger than five years of age. 6, [24] [25] [26] In addition, the incidence of SARI for H1N1 was higher in children younger than two years 24 and this group was included as a priority in the first vaccination campaigns in Brazil. 13 This phenomenon can be explained by the high susceptibility of children to H1N1, a virus with a high potential for transmission and completely new to the pediatric population, who had no antibodies with cross-reactivity. 27, 28 In our study, however, H1N1-positive children were older than the H1N1-negative children. Although this may have been only an effect of the small sample size, other studies have found similar results. 6, 21, 29 The main hypothesis raised by some of these authors is that the presence of previous acquired nonprotective antibodies in older children and young adults might lead to a cross-reaction with the H1N1 virus, which could lead to immunecomplex formation and severe lung disease. 29 Smaller children would have a less robust immune response to H1N1 virus, preventing progression to immune-mediated lung disease. 21 Another possible explanation would be an earlier and more aggressive treatment in younger children, because they are a risk group. 21 In our study, chest X-ray imaging showed diffuse infiltrates in 52.8% of the cases and alveolar consolidations in 43.4%, which is consistent with previously published studies. 4 We observed a high case fatality rate of 15.5%, possibly related to the severity of illness in our study population, which is comparable to literature data. A fatality rate of 18.6% was found in a German study with a similar population of PICUadmitted children during the pandemic period. 20 In Porto Alegre, Brazil, 10 a fatality rate of 9.1% was described among younger hospitalized children.
The association between viral codetection and severity of illness in children is controversial in the literature. Some studies call attention to specific codetections associated with worse prognosis. 29, 30 We compared the H1N1-positive and negative groups, as well as the nonspecific viral codetection and mono-dectection groups in relation to severity outcomes. We found no association between these outcomes and the presence of H1N1 or nonspecific viral codetection in respiratory secretions, but our small sample size may have influenced the strength of causal association. In other Brazilian studies carried out during the pandemic, the authors found an association of viral codetection with hospitalization 9 and mechanical ventilation. 10 In Ohio, patients coinfected with rhinovirus tended to present a less severe clinical picture than those coinfected with other viruses. 7 Data from epidemiological reports in Brazil [31] [32] [33] and studies in other countries 3, 34, 35 showed that, in the post-pandemic period, H1N1 virus continues to circulate and cause SARI and deaths. The influenza virus continues to mutate and frequently re-appears in variant forms. In March 2013, the influenza A(H7N9) virus circulated mainly in China causing serious illness. 36 In November 2015, there was one human case of influenza A(H1N2) in Brazil. 33 The threat of new pandemics is a reality and continuing surveillance is essential.
This study has some limitations. The use of retrospective data restricted the amount of information available. The incomplete data allied to the small sample size made comparisons difficult between subgroups. The non-significant associations between the analyzed subgroups and the studied variables and outcomes may have occurred due to lack of statistical power.
In addition, the viral isolation methods were performed according to availability of reagents and equipment, resulting in the utilization of four different methods. However, most samples were tested with the RespiFinder and/or Fasttrack methods, optimizing virus isolation. Finally, there was a great interval between the first test for H1N1 and the retest for other virus. Nevertheless, the samples were stored appropriately and were retested only after an assessment for viability.
Conclusions
Other etiologic agents besides influenza A(H1N1)pmd09 virus can be responsible for SARI in children admitted to the PICU. The association between viral codetection and disease severity is still controversial. This study represents a contribution to the understanding of viral respiratory infections in the poorly studied population of children admitted to the PICU. More epidemiological studies and improvements in viral detection techniques are needed to define the true role of viral coinfections in respiratory diseases.
